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Figure 1. 
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Figure 2 RNA sequences, implied polypeptides and alignment with one close 
relative 



EMC-1 

5 UUGUAACUGGUGGUCUUGUACAACAGACUUCUCAGUGGUUGUCUAAUCUUOUGGGCACUACUGGUUGAAAAAC 
UCAGGCCUAUCUOUGAAUGGADUGAGGCGAAACUUAGUGCAGGAGUUGAAUUUCUCAAGGAUGCUUGGGAGAU 
DCUCAAAUUUCUCAUOACAGGUGUUDUUGACAUCGUCAAGGGUCAAAUACAGGUUGCUUCAGAUAACAUCAAG 
GAUOGUGDAAAAUGCUUCAUUGAOGUUGOUAACAAGGCACUCGAAAUGUGCAUUGAUCAAGUCACUAUCGCUG 
GCGCAAAGUUGCGAUCACUCAACOOAGGUGAAGOCUUCAUCGCUCAAAGCAAGGGACDODACCGOCAGUGOAO 

1 0 ACGUGGCAAGGAGCAGCQGCAACUACUCAUGCCUCT 
UGAAGGUGAUUCACAUGACACAGUACHJUACCUOT 
CUCGAAGCACUCGAGACGCCCGUUGAUAGCUUCACAAAUGGAGCU^ 
UCUGUGUAAAUGGCCUCAUGCUCUUAGAGAUUAAGGACAAAGAACA^ 
UCCUGGUXJQACUGGCUACaAACAAUGUCUUUCGCUUAAAAGGG^ 

1 5 GUAACCUUUGGAGAAGAUACUGUUUGGGAAGUUCAGGGU^ 

UUGAGCnJUGAUGAACGUGUUGACAAAGUGCUUAAUGAAAAGUGCUCUGUCU^ 

AUCCGGUACCGAAGUUACUGAGUUUGGAUGUGUUGUA 

CAACCAGUUUCUGAUC 



20 Translatior iNucleotideS 7 to 870: Frame 1; 288 aa 



LWLYNRLLSGCLI FWALLVEKIJIPI raWI 

NKALEMCIDQVTIAGAKI^SLNLGEVFIAQSKGLYRQCIRGKEQLQLLM^ 

EALETPVDSFTNGAIVGTPVCVNGLMLLEIKDKEQYCALSPGLLATNNVFRLKGGAPIKGVTFGEDT^ 
ELDERVDKVLNEKCSVYTVESGTEVTEFACWAEAWKTLQPVSD 

25 

Alignment 

RNA-directed RNA polymerase (orfla) murine hepatitis virus 
Identities = 72/285 (25%), Positives = 118/285 (41%) 

30 Query: 4 9 FWALLVEKLRPIFEWIEAKLSAGVEFLKDAWEILKFLITGVFDIVKGQIQVASDNIKDCV .228 
F AL V +R I EW + L+ + W + L+ G+F + G I + + + V 

Sbjct: 638 FKALGVAWRKITEWFD — LAVDIAASAAGWLCYQ-LVNGLFAVANGVITFVQE-VPELV 693 



Query: 229 KCFIDWNKALEMCIDQVTIA GAKLRSLNLGEVFIAQSKGLYRQCIRGKEQLQLLMP 399 

35 K F+D ++ ID ++++ G + V +A SK +Y + K +MP 

Sbjct: 694 KNFVDKFKAFFKVLIDSMSVSILSGLTWKTASNRVCLAGSK-VYE — WQKS LSAYVMP 750 

Query: 400 LKAPKEVTFLEGDSHDTVLTSEEWLKNGEL — EALETPVDSFTNGAIVGTPVCVNGLML 573 
+ ETLG+ V+V+ L + PSF IV L 

40 Sbjct: 751 VGC-SEATCLVGEIEPAVFEDDWDWKAPLTYQGCCKPPTSFEKICIVDK L 801 

Query: 574 LEIKDKEQYCAL S PGLLATNNV FRLKGG AP I KG VT FGE DT - VWE VQG YKN VRI T F 735 

K +Q+ + + G+L F G KVF+ V++ + ++ITF 

Sbjct: 802 YMAKCGDQFYPVWDNDTVGVLDQCWRFPCAG KKVEFNDKPKVRKIPSTRKIKITF 857 



45 



Query: 736 EL DERVDKVLNEKC S VYT VE SGTE VTE FACWAE AWKTLQP VS D 870 

LD D VL++ CS + V+ + E W +AV TL P + 
Sbjct: 858' ALDATFDSVLSKACSEFEVDKDVTLDELLDWLDAVESTLSPCKE 902 



50 EMC- 14 



CAUCCAGCUOCUUAAGGCAGCAUAUGAAAAUUUCAAUUCACAGGACAUCUUACUUGCACCAUUGUUGUCAGCA 
GGCAUAUUUGGUGCUAAACCACUUCAGUCUUUACAAGUGUGCGUGCAGACGGUUCGUACACAGGUUUAUAUUG 
CAGUCAAUGACAAAGCUCUUUAUGAGCAGGUUGUCAUGGAUUAUCUUGAUAACCUGAAGCCUAGAGUGGAAGC 
55 ACCUAAACAAG AGGAGCC ACCAAACACAGAAG AU UCCAAAACUGAGGAGAAAUCUG UCGU ACAGAAG CC UG UC 
GAUGUGAAGCCAAAAAUUAAGGCCUGCAUUGAUGAGGUUACCACAACACUGGAAGAAACUAAGOUUCUUACCA 
AUAAGUUACUCUUGUUUGCUGAUAUCAAUGGUAAGCUUUACCAUGAUUCUCAGAACAUGCUUAGAGGUGAAGA 
UAUGUCUUUCCUUGAGAAGGAUGCACCUUACAUGGUAGGUGAUGUUAUCACUAGUGGUGAUAUCACUUGUGUU 
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GDAAUACCCUCCAAAAAGGCUGGUGGCACUACUGAGAUGCOCUCAAGAGCOUDGAAGAAAGUGCCAGUDGAOG 
AGUADADAACCACGUACCCOGGACAAGGAUGUGCUGGUUAUACACOUGAGGAAGCUAAGACOGCUCUUAAGAA 
AUGCAAAUCUGCAUUUUAUGUACUACCUUCAGAAGCACCU7^UGCUAAGGAAGAGAUUCUAGGAACUGUAUCC 
UGGAAUUGAG 

5 

Translation 

Nucleotides 5 to 739: Frame 2; 245 aa 
IQIiLKAAYENFNSQDILLAPLLSAGIFGAKPLQSLQVCTQTVRTQVYIA 
10 TEDSKTEEKSWQKPVDVKPKIKACIDEVTTTI^ETKFLTNKLLLFADINGKLYHDSQNMLRGEDMSFLEKDAPYMVGDVI 
TSGDITC^IPSKKAGGTTEMLSRALKKVPVDEYITTYPGQGC^GYT 
WN 

Alignment 

15 replicase polyprotein lab Human coronavirus 22 9E 

Identities = 48/202 (23%), Positives - 83/202 (41%) r Gaps - 13/202 (6%) 
Frame = +2 

20 Query: 8 LLKAAYENFNSQD1LLAPLLSAGIFGAKPLQSLQVCVQTVRT QVYI AVN DKALYEQV 178 

L+KA N Q L P+LS GIFG K SL+V + T +V++ + + + 

Sbjct: 1371 LIKAYNTINNEQGTPLTPILSCGIFGIKLETSLEVLLDVCNTKEVBCVFVYTDTEVCKVKD 1430 

Query: 179 VMDYLDNLKPRVEAPKQEEPPNTEDSKTEEKSWQKPVDVKPKIKACIDEVTTTLEETKF 358 
25 + L N++ +VE PK E P V KP V K +++ ++ 

Sbjct: 1431 FVSGLVNVQ-KVEQPKIEPKP VSVIKVAPKPYRVDGKFSYFTEDLLCVADDKPI 1483 

Query: 359 L — TNKLLLFADINGKLYHD S QNMLRG— E DMS FLEKDAP YMVGDVITSGDITC 508 

+ T+ +L D I* + +L +D + K P + +G V+ + 
3 0 Sbjct: 1484 VLFTDSMLTLDDRGIALDNALSGVLSAAIKDCVDINKAIPSGNLIKFDIGSW VYM 1539 

Query: 509 WIPSKKAGGTTEMLSRALKKV 574 

V+PS+K + R +K+ 

Sbjct: 1540 CWPSEKDKHLDNNVQRCTRKL 1561 

35 

EMC -2 

UCGAGAUUUcAUcUUGACGGUGCAGGUUQUUUCACUUGACAAACUAAAGAGUCUCUUAUCCCUGCGGGAGGUU 
AAGACUAUAAAAGUGUUCACAACUGUGGACAACACUAAUCUCCACACACAGCUUGUGGAUAUGUCUAUGACAU 
AUGGACAGCAGUUUGGUCCAACAUACUUGGAUGGUGCUGAUGUUACAA7UVAUUAAACCUCAUGUAAAUCAUGA 
40 GGGUAAGACUUUCUUUGUACUACCUAGUGAUGACACACUACGUAGUGAAGCUUUCGAGUACUACCAUACUCUU 
GAUGAGAGUUUUCUUGGUAGGUACAUGUCUGCUUUAAACCACACAAAGAAAUGGAAA 

Translation 

Nucleotide 2 to 349: Frame 2; 116 aa 

45 

RDFILTVQVLSLDKLKSLLSLREVKTIKVFTTVDNTNLHTQLVDMSMTYGQQFGPTYLDGADVTKIKPHVNHEGBCTFFVLP 
SDDTLRSEAFEYYHTLDESFLGRYMSALNHTKKWK 



50 Alignment 

> Bovine Coronavirus RNA-Dependent RNA polymerase 



Identities - 25/90 (27%), Positives - 44/90 (48%) 
55 Frame = +2 

Query: 80 IKVFTTVDNTNLHTQLVDMSMTYGQQFGPTYLDGADVTKIKPHVNHEGKTFFVLPSDDTL 259 
+ + TVD N + V + ++G+ G + DG +VTK K +N++GK FF + + 
^ Sbjct: 1565 VDILLTVDGVNFTNRFVPVGESFGKSLGNVFCDGVNVTKHKCDINYKGKVFFQFDNLSSE 1624 

Query: 260 RSEAFEYYHTLDESFLGRYMSALNHTKKWK 349 

+A D+ h Y + L + KW+ 

Sbjct: 1625 DLKAVRS S FNFDQKELLAYYNMLVNCSKWQ 1654 
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EMC13: 

CUGAAGAAGUAGUGGaAAAUCCU ACCAUAC AGAAGGAAG U CAU AGAG U GOG ACGUG AAAACOACCGAAGU UG U 
AGGCAAUGUCAUACUUAAACCAUCAGAUGAAGG UG U UAAAGUAACACAAGAGUUAGGUCAUGAGGAUC UUAUG 
GCUGCUUAUGUGGAAAACACAAGCAUUACCAUUAAGAAACCUAADGAGCUUUCACUAGCCDUAGGUUUAAAAA 
5 CAAUUGCCACUCAUGGUAUUGCUGCAAUUAAUAGUGUUCCUUGGAGUAAAAUUUUGGCUUAUGUCAAACCAUU 
CUUAGGACAAGCAGCAAUUACAACAUCAAAUUGCGCUAAGAGAUOAGCACAACGUGUGUUUAACAAOUAUAUG 
CCUUAUGUGUUUACAUDAUUGUUCCAAUUGUGOACUUUUACUAAAAGUACCAAOUCDAGAAUUAGAGCUUCAC 
UACCUACAACUAUUGCUAAAAAUAGUGUUAAGAGUGUUGCUAAAUUAUGUUUGGAUGCCGGCAUUAAUUAUGU 
GAAGUCACCCAAAUUUUCUAAAUUGUUCACAAUCGCUAUGUGGCUAUUGUUGUUAAGUAUUUGCUUAGGUUCU 
10 CUAAOCOGOGOAACUGCOGCOOOOGGOGOACOCOUAOCOAAUOOOGGUGCOCCOOCUUAOUGUAAOGGCGOOA 
GAGAAOUGOAOCOOAAOOCGUCOAACGOOACOACOAOGGAOOOCUGOGAAGGUOCOOUOCCOOGCAGCAUOUG 
UUUAAGUGGAUUAGACUCCCUUGAUUCUUAUCCAGCUCUUGAAACCAUUCAGGUGACGAUUUCAUCGUACAAG 
COAGACOUGACAAOOOUAGGOCOGGCCGCUG 



15 Translation 

>~out: 3 to 833: Frame 3 277 aa 

EEVVENPTIQKEVIECDVKTTEWGNVILKPSDEGVKV^ 
INSVPWSKILAYVKPFLGQAAITTSNCAKRIAQRVF^YMPYVFT^ 
LDAGINYVKSPKFSKLFTIAMWLLLLSI^ 
2 0 LSGLDSLDSYPALETIQVTISSYKLDLTILGLAA 



Alignment 

bovine coronavirus RNA-dependent RNA Polymerase 
Identities = 50/269 (18%), 

25 

Query: 57 KTTEWGNVIIiKPSDEGVKVTQELGHEDLMAAYVENTSITIKKPNELSLALGLKTIATH- 233 

K +V +VI+ +K + L D-f ++ ++ N+LS+A+ + TI 

Sbjct: 2046 KPFKVEDSVIVNDDTSEIKYVKSLSIVDVYDMWLTGCRYVVRTANDLSMAVNVPTIRKFI 2105 

3 0 Query: 234 — GIAAINSVPWSKI-LAYVKPFLGQAAITTSNCAKRLAQRVFN — NYMPYVFTLLF 389 

G+ + S+P + L +KP N K + ++ N++ ++F LLF 

Sbjct: 2106 KFGMTLV— S I PI DLLNLRE IKPVF NWKAVRNKISACFNFIKWLFVLLFGWI 2156 

Query: 390 QLCTFTKSTNSRIRASLPTTIAKNSVKSVAKLCLDAGINYVKSPKFSKLFTIAMW 554 

35 +T S++ L KN+ + + G + + +W 

Sbjct: 2157 KI SADNKVI YTTEVASKLTCKLVALAFKNAFLT FKWS WARGACI IAT IFLLW 2209 

Query: 555 XXXXXXXXXXXXXVTAAFGVLL SN FGAP S YCNGVRELYLNS SNVTTM 695 

G L P++ + + ++ ++ T+ 

40 Sbjct: 2210 FNFIYANVIFSDFYLPKIGFL PTFVGKIAQWIKSTFSLVTICDLYSIQDVGFKN 2263 

Query: 696 DFCEGSFPCSICLSGLDSLDSYPALETIQ 782 

+C GS C CL+G D LD+Y A++ +Q 
Sbjct: 2264 QYCNGSIACQFCIiAGFDMLDNYKAIDWQ 2292 

45 

EMC -3 

GUGGUAAGAUUGUUAGUACUUGUU^ 
UGCUGCAUUAGUUUGUUAUAUCGI^^ 
AGAAAUGAAAUCAUUGGUUACAAAGCCAUUCAGGAUGG 
5 0 CUGAUGAUUGUUUUGC^y^UAAACAU^ 

UUCAUACAAAAAUGACAAAAGCUGCCCUGUAGU^ 
UUCAUAGUGCCUGGCUUACCGGGUACU^^ 

UCCUACCUCGUGUUUUUAGUGCUGUUGGCAACAUUUGCUACACACC^ 
GUAUAGUGAUUUUGCUACCUCU 

55 

Translation 

Nucleotide 3-449; 149 aa 

GKIVSTCFKLMLKATLLCVIjA^VCYIVMPVHTLSIHDGYTNEIIGYKAIQDGVTRDIISTDDCFANKHAGFD 
AWFSQRGGSYKNDKSCPWAAIITREIGFIVPGLPGTVLRAINGDFLHFLPRVFSAVGNICYTPSiCLIEYSDF 
60 ATS 
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Alignment 

> Murine Hepatitis Virus RNA-Dependent RNA polymerase 
Identities - 48/126 (38%), 

Query: 78 YIVMPVHTLSIHDGYTNEIIGYKAIQDGVTRDIISTDDCFANKHAGFDAWFSQRGG — SY 251 

+ +MP + + D +K I +GV RD+ TD CFANK FD W+ G Y 

Sbjct: 2859 W ALMPT Y A VHKS DMQL PL Y AS FKV I DN GVLRD V S VT DAC FANKFNQFDQWYE ST FGLA YY 2918 

Query: 252 KNDKSCPWAAIITREIGFIVPGLPGTVLRAINGDFLHFLPRVFSAVGNICYTPSKLIEY 431 

+N K+CPW A+I ++IG + +P TVLR LHF+ F+ CYTP I Y 

Sbjct: 2919 RNSKACPVWAVT DQDIGHTLFNVPTT VXR- YGFHVLHFITHAFATDSVQCYTPHMQI PY 2977 



15 Query: 432 SDFATS 449 
+F S 

Sbjct: 2978 DNFYAS 2983 

EMC-4 

2 0 ACAGACAUCAAUCACUUCUGCUGUUCUGCAGAGUGGUUUUAGGAAAAUGGCAUUCCCGUCAGGCAAAGUUGAA 
GGGOGCAUGGUACAAGUAACCUGUGGAACUACAACUCUUAAUGGAUUGUGGUUGGAUGACACAGUAUACOGUC 
CAAGACAUGUCAUUUGCACAGCAGAAGACAUGCUUAAUCCUAACUAUGAAGAUCUGCUCAUUCGCAAAUCCAA 
CCAUAGCUUUCUUGUUCAGGCUGGCAAUGUOCAACUUCGUGUUAUUGGCCAUUCUAUGCAAAAUUGUCUGCUU 
AGGCUUAAAGUUGAUACOUCUAACCCUAAGACACCCAAGUAUAAAUUUGUCCGUAUCCAACCUGGUCAAACAU 

25 UUUCAGUUCDAGCAUGCUACAAUGGUUCACCAUCUGGUGUUUAUCAGUGUGCCAUGAGACCUAAUCAUACCAU 
UAAAGGUUCUUUCCUUAAUGGAUCAUGUGGOAGUGUUGGUUUUAACAUUGAUUAUGAUUGCGUGUCUUUCUGC 
UAUAUGCAUCAUAUGGAGCUUCCAACAGGAGUACACGCUGGUACUGACUUAGAAGGUAAAUUCUAUGGUCCAU 
UUGUUGACAGACAAACUGCACAGGCUGCAGGUACAGACACAACCAUAACAUUAAAUGUUUUGGCAUGGCUGUA 
UGCUGCUGUUAUCAAUGGUGAUA 

30 

Translation 

Nucleotides 2 to 67 9: Frame 2; 226 aa 
QTS ITSAVLQSGFRK^FPSGKVEGCMVQVTCGTT^ 
NVQLRVIGHSMQNCLLRLKVDTSNPKTPKYTCFVTUQPG 
35 DYDCVSFCYMHHMELPTGVHAGTDLEGKFYGPFVDRQTAQAAGTDTTITLNVLAWLYAAVINGD 

Alignment 

RNA-directed RNA polymerase murine hepatitis virus 
Identities - 122/222 (54%) 



40 



Query: 8 SITSAVLQSGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDTVYCPRHVICTAEDMLNP 187 
S+T++ LQSG KM P+ KVE C+V VT G TIiNGLWLDD VYCPRHVIC++ DM +P 
45 Sbjct: 3326 SVTTSFLQSGIVKMVSPTSKVEPCIVSVTYGNMTLNGLWLDDKVYCPRHVICSSADMTDP 3385 

Query: 188 NYEDLLIRKSNHSFLVQAGNVQLRVIGHSMQNCLLRLKVDTSNPKTPKYKFVRIQPGQTF 367 

+Y +LL R ++ FV+G + LV+ + MQCLLV NP TPKY F ++PG+TF 
Sbjct: 3386 DYPNLLCRVTSSDFCVMSGRMSLTVMSYQMQGCQLVLTVTLQNPNTPKYSFGWKPGETF 3445 



50 



Query: 368 SVLACYNGSPSGVYQCAMRPNHTIKGSFLNGSCGSVGFNIDYDCVSFCYMHHMEIiPTGVH 547 

+VLA YNG P G + +R +HTIKGSFL GSCGSVG+ + D V F YMH +EL TG H 
Sbjct: 34 46 TVLAAYNGRPQGAFHVTLRSSHTIKGSFLCGSCGSVGYVLTGDSVRFVYMHQLELSTGCH 3505 



55 Query: 548 AGTDLEGKFYGP FVDRQT AQAAGT DTT I TLN VLAWL YAAVI N 673 
GTD G FYGP+ D Q Q D T T+NV+AWLYAA+ N 
Sbjct: 3506 TGTD F S GNFYGP YRD AQ WQLPVQDYTQTVNWAWL YAAI FN 3547 

EMC- 5 

60 Note that this sequence is not fully in frame. 
AGUUGGAAAAGAUGGCAGAUGAGGCUA^ 
CAAGAGGK3CAAAAGUAACUAGUGCUAUGCAAACAAUGC 
GAUAAUGAUGCACQUAACAACAUUAUCAACAAUGCG 

UCAUACC^UUGACUAC^GCAGCCAAACUCAUGGUUGUUGUCCCUGAUUAUGG 
6 5 GAACACUUGUGAUGGUAACACCUUUACAUAUGCAUCUGCAOTCUG 
GUUGAUGCGGAUAGCAAGAUUGUUCAACUUAGUGAAAUU 
UGGCUUGGCCCCUUAUUGUUACAGOT 
UGAACUGAGUCCAGUAGCACUACGACAGAUGUCCU 

UGUACUGAUGACAAUGCACUUGCCUACUAUAACAAXJUCGAAGGGAGGUAGGOT 
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CkUUACUAUCACW:^ 

UACAAUUUACAGAGAACXTGGAACCACCUU^ 
AAAGUGAAAUACUUGUACUUCAUCAAGGCUU?^ 

CAGUUUAG CUGCUACAGUACGUCUU GAGGCUGGAAAUGCUACAGAAGUa C CUGC CAAUUCA 
5 ACUGUGCUUUCCUUCUGUGCUUUUGCAGUAGACCCUGCUAAAGCAUAUaAAGGAXJ^^ 
GCAAGUGGAGGACAACCAAUCACCAACUGUGUGAAGAU^ 

GACAGGCAAUUACUGUAACAC CAGAAGCUAACAUGGAC CAAGAGUC CUYUGGUGGUGCUUC 
AUGUUGUCUGUAUUGUAGAUGCCAC^UUGACCAUCCAAAUCCUAAAGGAYUCUOT 
AAAGGUAAGUACGUCCAAAUACCUACCACUUGUGCU^ 
1 0 GAAACACAGUCUGUACCGUCUGCGGAAUGUGGAAAGGUUAUGGCUGUA 
CCGCGAACCCUUGAUGCAGUCUGCGGAUGC^UCAMCGUUUUUAAACGG^ 
GUGCAGCCCGUCUUACACCGUGCGGC^C^GGCACUAG^^^ 
UGAUAUUUACAACGAAAAAGUUGCUGGUI^^ 

15 Translation 1 

Nucleotide 3-701 ; 233 aa 

LE KMADQ AMTQMYKQ ARS E DKRAKVT S AMQTML FTMLRKL DN DALNN 1 1 NNARDGCVPLN IIP LT T AAKLMW 
VPDYGTYECNTCDGNTFTYASALWEIQQWDADSKIVQLSEINMDNSPNLAWPLIVTALRANSAVKLQNNELSP 

VALRQMSCAAGTTQTACTDDNALAYYNNSKGGRFVLALLSDHQDLKWARFPKSDGTGTIYTELEPPCRFVTDT 
20 PKGPKVKYLYFIKA 

Translation 2 

FKRVCGVSA-ARIjTPCGTGTSTDVVYRAFDIYNEKVAGXAKFL.K 

25 Alignment 1 of translation 1 sequence 

RNA- Dependent RNA Polymerase:, bovine coronavirus 
Identities = 181/413 (43%), 

Query: 3 LEKMADQAMTQMYKQARSEDKRAKVTS 182 
3 0 LE+MAD A+T MYK+AR DK++KV SA+QTMLF+M+RK GCVPLN 

Sbjct: 3985 LERMADLALTNMYKEARINDKKSKVVSALO/TMLFSMVRKLDNQALNSILDNAVKGCVPLN 4044 

Query: 183 1 1 PLTT AAKLMWVP D YGT YKNT C DGNT FT YAS ALWE I QQ W D ADS K I VQL SE INMDN S P 362 
„ IP A L ++VPD Y D TYA +W+IQ + D+D QL+EI+ D + 

35 Sbjct: 4045 AIPSLAANTLTIIVPDKSVYDQWDNVYVTYAGNVWQIQTIQDSIX3TNKQLNEISDDCN- 4103 

Query: 363 NL AW PL I VT ALRAN — S AVKLQNNEL S P VALRQMS C AAGTT QT ACT DDN ALA Y YNN S KGG 536 

WPL++ A R N SA LQNNEL P L+ +G QT T YYNNS G 

Sbjct: 4104 WPLVIIANRHNEVSATVLQNNELMPAKLKTQVVNSGPDQTCNTPTQ — CYYNNSNNG 4158 

Query: 537 RFVLALLSDHQDLiCWARFPKSDGTGTIYTELEPPCRFVTDTPKGPKVKYLYFIKA*TT*I 716 

+ V A+LSD LK+ + K DG + EL+PPC+F KG K+KYLYF+K T 

Sbjct: 4159 KIVYAILSDVDGLKYTKILKDDG-NFWLELDPPCKFTVQDVKGLKIKYLYFVKGCNTLA 4217 

45 Query: 717 EVWCWAV*LLQYVFRL EMLQKYLPIQLCFPSVLLQ*TLLKHIKDYLASGGQPIT 878 

W V + RL E +LCSV+TL D++ GG PI 
Sbjct: 4218 R — GWWGTI SSTVRLQAGTATEYASNSS I LSLC AFS VDPKKT YL DFIQQGGTPIA 4271 

Query: 879 NCVECMLCTHTGTGQAITVTPEANMDQESXGGASCCLYCRCHIDHPNPKGXCDLKGKYVQI 1058 
oU NCVKMLC H GTG AITV P+A +Q+S GGAS C+YCR ++HP+ G C L+GK+VQ+ 

Sbjct: 4272 NCVKMLCDHAGTGMAITVKPDATTNQDSYGGASVCIYCRARVEHPDVDGLCKLRGKFVQV 4331 

Query: 1059 PTTCANDPVGFTLRNTVCTVCGMWKGYGCSCDQLREPLMQSADASXFLNGFAV 1217 
„ P DPV + L + VC VCG W+ CSC + +QS D + FLNGF V 

bb Sbjct: 4332 PVG-IKDPVSYVLTHDVCQVCGFWRDGSCSCVS-TDTTVQSKDTN-FLNGFGV 4381 

Alignment 2 of translation 2 sequence 
^ RNA-directed RNA polymerase (ORF1B) [murine hepatitis virus] 

Identities = 24/44 (54%), 

Query: 1199 FKRVCGVSA-ARLTPCGTGTSTDWYRAFDIYNEKVAGXAKFLK 1327 
^ FKRV G S ARL PC +G TDV RAFDI N AG + K 

Ob Sbjct: 18 FKRVRGTSVNARLVPCASGLDTDVQLRAFDICNANRAGIGLYYK 61 
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Note that this sequence is not fully in frame. 
UGACAUCUUACGCGUAUAUGCU^ 
GUACAAUUCUGCGAUGCUAUGCGUGA 
AGGAUCUUAAUGGGAACUGGUACGAUUU 
5 AGUUCCmUUGUGGAUU^ 

UUCMCUGCUGAGUCCcAUAUGGAUGCUGA 
UGAAACAUGAUUUUACGGAAGAGAGACUUUGUCUCT 
CCAGACAUACCAUCCCAAUUGUAUUAACUGOT 
AaCUUUAAUGUGUUAUUUUOTA 
1 0 AAAUAUUUGUAGAUGGUGUUCCUUC 

AGUCGUACAUAAUC^GGAUGUT^OJ^^ 

GUGUAUGCUGCUGAUCCAGCUAUGC^^ 

CUAC^UGCUUUUCAGUAGCUCC^^ 

UAAUUUUAAUAAAGACUUUUAUGACUUUGCUGUGUCUAAA 

15 

Translation 1 

Nucleotide 2 to 652: Frame 2; 217 aa 

DILRVYANLGERVRQSLLKTVQFCDAMRDAGIVGVLTLDNQDLNGNWYDFGDFVQVAPGCGVPIVDSYYSLLM 

PILTLTRALAAESHMDADLAKPLIKWDLLKM^ 

2 0 LFSTVFPPTSFGPLVRKIFVDGVPSWSTGYHFRELGWHNQDVNLHSSRLSFKELLVYAADPAMH7VASGN 

Translation 2 

656 to 772: Frame 2; 39 aa 

LLDKRTTCFSVAPLTNNVAFQTVKPGNFNKDFYDFAVSK 

25 

Alignment 

ORFlab polyprotein Murine hepatitis virus 
Identities - 157/257 (61%), 

3 0 Query: 2 DILRVYANLGERVRQSLLKTVQFCDAMRDAGIVGVLTLDNQDLNGNWYDFGDFVQVAPGC 181 

DI+ VY LG ++LL T +F DA+ +AG+VGVLTLDNQDL G WYDFGDFV+ PGC 
Sbjct: 4626 DI INVYKKLGPI FNRALI*NTAKFADAX»VEAGLVGVLTLDNQDLYGQW YDFGDFVKTVPGC 4685 

Query: 182 G V P I VDS Y Y S LLMP ILTLT RALAAE S HMDADLAKPL I KWDL L KHDFTEE RLCLFDRY FK Y 361 
35 ~ GV + DSYYS +MP+LT+ AL +E ++ + +DL+++DFT+ +L LF +YFK+ 

Sbjct: 4686 GVAVADSYYSYMMPMLTMCHALDSELFVNGTYRE FDLVQYDFTDFKLELFTKYFKH 4741 

Query: 362 WDQTYHPNCINCLDDRCILHCANFNVLFSTVFPPTSFGPLVRKIFVDGVPSWSTGYHFR 541 
W TYHPN C DDRCI +HCANFN+LFS V P T FGPLVR+IFVDGVP WS GYH++ 

4 0 Sbjct: 4742 WSMTYHPNTCECEDDRCIIHCANFNILFSMVLPKTCFGPLVRQIFVDGVPFWSIGYHYK 4801 

Query: 542 ELGWHNQDVNLHSSRLSFKELLVYAADPAMHAASGN*LLDKRTTCFSVAPLTNNVAFQT 721 

ELGW N DV+ H RLS K+LL+YAADPA+H AS + LLD RT CFSVA +T+ V FQT 
Sbict: 4802 ELGVVMNMDVDTHRYRLSLKDLLLYAADPALHVASASALLDLRTCCFSVAAITSGVKFQT 4861 

45 

Query: 722 VKPGNFNKDFYDFAVSK 772 

VKPGNFN+DFY+F +SK 
Sbjct: 4862 VKPGNFNQDFYEFILSK 4878 



50 EMC -7 . 

ACCUUCAGAAUUAUGGUGAAAAUGCUGUUAUACCAMAAGGAAUAAUGAUGAAUGOCGCAAAGUAUACUCAACU 
GUGUCAAUACUUAAAUACACUUACUUUAGCUGUACCCUACAACAUGAGAGUUAUUCACUUUGGUGCUGGCUCU 
GAUAAAGGAGUUGCACCAGGUACAGCUGUGCUCAGACAAUGGUUGCCAACUGGCACACUACUUGUCGAUUCAG 
AUCUUAAUGACUUCGUCUCCGACGCAGAUUCUACUUUAAUUGGAGACUGUGCAACAGUACAUACGGCUAAUAA 

55 AUGGGACCUUAUUAUUAGCGAUAUGUAUGACCCUAGGACCAAACAUGUGACAAAAGAGAAUGACUCUAAAGAA 
GGGUUUUUCACUUAUCUGUGUGGAUUUAUAAAGCAAAAACUAGCCCUGGGUGGUUCUAUAGCUGUAAAGAUAA 
CAGAGCAUUCUUGGAAUGCUGACCUUUACAAGCUUAUGGGCCAUUUCUCAUGGUGGACAGCUUUUGUUACAAA 
UGUAAAUGCAUCAUCAUCGGAAGCAUUUUUAAUUGGGGCUAACUAUCUUGGCAAGCCGAAGGAACAAAUUGAU 
GGCUAUACCAUGCAUGCUAACUACAUUUUCUGGAGGAACACAAAUCCUAUCCAGUUGUCUUCCUAUUCACUCU 

60 UUGACAUGAGC7U^UUUCCUCUUAAAUUAAGAGGAACUGCUGUAAUGUCUCUUAAGGAGAAUC;^AAUCAADGA 
UAUGAUUUAUUCUCUUCUGGAAAAAGGUAGGCUUAUCAUUAGAGAAT^ACAACAGAGDUGUGGUUUCAAGUGAU 
AUUCUUGUUAACAACUAAACGAACAUGUUUAUUUUCUUAUUAUUUCUUACUCUCACUAGUGGUAGUGACCUUG 
ACCGGUGCACCACUUUUGAUGAUGUUCAAGCUCCUAAUUACACUCAACAUACDUCAUCUAUGAGGGGGGUUUA 
CUAUCCUGAUGAAAUUUUUAGAUCAGACACUCUUUAUOUAACUCAGGAUUUAUUUCUUCCAUUUUAUUCUAAU 

65 GUUACAGGGUUUCAUACUAUUAAUCAUACGUUUGGCAACCCUGUCAUACCUUUUAAGGAUGGUAUUUAUUUUG 
CUGCCACAGAGAAAUCAAAUGUUGUCCGUGGUUGGGUUUUUGGUUCUACCAUGAACAACAAGUCACAGUCGGU 
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GAUUAOCJAUUAACAAOUCOACUAAUGUOGUUAOACGAGCAUGUAACUUUGAAUOGUGUGACAACCCUUUCUOU 
GCUGUUUCDAAACCCADGGGUACACAGACACAUACUAUGAUAUUCGAUAACJGCAUODAAOUGCACUUUCGAGU 
ACAUAUCUGAUGCCUDUUCGCUUGAUGUUUCAGAAAAGUCAGGUAAUOUUAAACACUUACGAGAGUUUGUGUU 
UAAAAAUAAAGAUGGGDUUCUCDAUGUODAUAAGGGCUAUCAACCOAUAGAOGUAGDUCGUGADCUACCUUCU 
5 GGUUUUAACACUUUGAAACCUAUDUUUAAGDOGCCOCUUGGUAUUAACAUUACAAAUUDUAGAGCCAUUCUUA 
CAGCCUUUUCACCUGCUCAAGACAUUUGGGGCACGUCAGCUGCAGCCUADUUUGUUGGCUAUUOAAAGCCAAC 
UACAUUUAUGCUCAAGUAUGAUGAAAAUGGUACAAUCACAGAUGCUGUUGAUUGUUCUCAAAAaCCACUUGCU 
GAACUCA7^ADGCUCOGUOAAGAGCUUUGAGAUUGACAAAGGAAOUDACCAGACCaCOAAUUUCAGGGUUGUDC 
CCUCAGGAGAUGUOGUGAGAUOCCCUAAUAUOACAAACUUGUGUCCDOaUGGAGAGGUUUUUAAUGCUACUAA 

10 AUUCCCUOCUGUCUAUGCAUGGGAGAGAAAAAAAAUUUCUAAUUGUGUUGCUGAOOACUCOGUGCUCUACAAC 
UCAACAUUUOUUUCAACCUUUAAGUGCUAUGGCGUUUCUGCCACUAAGUUGAACJGAOCUDUGCUUCUCCAADG 
UCUAUGCAGAUUCOUOUGUAGUCAAGGGAGAUGAUGUAAGACAAADAGCGCCAGGACAAACUGGUGUUAUUGC 
UGAUUAUAAUUAUAAAUUGCCAGAOGAUUUCAUGGGUUGUGUCCUUGCOUGGAAUACUAGGAACAUUGAUGCO 
ACUUCAACUGGUAAUUAUAAUUAUAAAUAUAGGUAUCUUAGACAUGGC7VAGCUUAGGCCCUUUGAGAGAGACA 

15 UAUCOAAUGUGCCUUUCUCCCCUGAUGGCAAACCUUGCACCCCACCUGCUCUUAAUUGUUAUUGGCCAUUAAA 
UGAUUAUGGOUUUOACACCACUACDGGCAUUGGCUACCAACCUUACAGAGUUGUAGOACUUUCUUUUGAACUU 
UUAAAUGCACCGGCCACGGDUUGUGGACCAAAAUUAUCCACUGACCUUAUUAAGAACCAGUGUGUCAAUUUUA 
AUUUUAAOGGACUCACUGGUACUGGUGOGUUAACUCCUUCUUCAAAGAGAUUUCAACCAUUUCAACAAUUUGG 
CCGUGAUGUUUCUGAUUUCACUGAUUCCGUUCGAGAUCCOAAAACAUCDGAAAUAUUAGACAUUUCACCUUGC 

20 UCUUUUGGGGGUGUAAGUGUAAUUACACCUGGAACAAAUGCUUCAUCUGAAGUUGCUGUUCUAUAUCAAGAUG 
UUAACUGCACUGAUGUUUCUACAGCAAUUCAUGCAGAUCAACUCACACCAGCUUGGCGCAUAUAUUCUACUGG 
AAACAAUGUAUUCCAGACUCAAGCAGGCUGUCUUAUAGGAGCUGAGCAUGUCGACACUUCUUAUGAGUGCGAC 
AUUCCUAUUGGAGCUGGCAUUUGUGCUAGUUACCAUACAGUUUCUUUAUUACGUAGUACUAGCCAAAAAUCUA 
UUGUGGCUUAUACUAUGUCUUUAGGUGCUGAUAGUOCAAUUGCUUACUCUAAUAACACCAUUGCUAUACCUAC 

25 UAACUUUUCAAUUAGCAUUACUACAGAAGUAAUGCCUGUUUCUAUGGCUAAAACCUCCGUAGAUUGUAAUAUG 
UACAUCUGCGGAGAUUCUACUGAAUGUGCUAAUUUGCUUCUCCAAUAUGGUAGCUUUUGCACACAACUAAAUC 
GUGCACUCUCGUGGUAUUGCUGCUGAACAGGAUCGCAACACAC 

Translation 1 

30 

Nucleotides 3 to 818: Frame 3 272 aa (orf lab) 

LQN YGENAVI PQG IMMNVAKYTQLCQYLNTLTLAVPYNMRV I H FGAG S DKGVAPGTAVLRQWL PTGTLLVD S DLN DFVS DA 
DSTLIGDCATVHTANKWDLIISDMYDPRTKHVTKENDSKEGFFTYLCGFIKQK^^ 
WWTAFVTNVNASSSEAFLIGANYLGKPKEQIDGYTMHANYIFWRNTNPIQLSSYSLFDMSKFPLKLRG 
3 5 MIYSLLEKGRLIIRENNRVWSSDILVNN 



Translation 2 

40 Nucleotide 828 to 3089: Frame 3 756 aa (S protein) 

MFIFLLFLTLTSGSDLDRCTTFDDVQAPNYTQHTSSMRGVYYPDEIFRSDTLYLTQDLFLPFYSNVTGFHTINHTFGNPVI 
PETCDGIYFAATEKSNVVRGWVFGSTMNNKSQSVIIINNSTNWIRAC^FELCDNPFFAVSKPMGTQTHTMI FDNAFNCTFE 
YISDAFSLDVSEKSGNFKHLREFVF^KDGFLYVYKGYQPIDVVRDLPSGFNTLKPIFKIjPLGINITNFRAILTAFSPAQD 
IWGTSAAAYEVGYLKPTTF^KYDENGTrTDAVDCSQNPLAELKCSVKSFEIDKGIYQTSNFRVVPSGDVVRFPNITNLCP 

45 FGEVFNATKFPSVYAWERKKISNCVADYSVIjYIJSTFFSTFKCYGVSATKLNDLCFSNVYADSFWKGDDVRQIAPGQT 
ADYNYKLPDDFMGCVLAWNTRNIDATSTGNYNYKYRYL^ 

TGIGYQPYRVWLSFELLNAPATVCGPKLSTDLIKNQCVNFNFNGLTGTGVLTPSSKRFQPFQQFGRDVSDFTDSVRDPKT 
SEILDISPCSFGGVSVITPGTNASSEVAVLYQDVNCTDVSTAIHADQLTPAWRIYSTGT^VFQTQAGCLIGAEHVDTSYEC 
DIPIGAGICASYHTVSLLRSTSQKSIVAYTMSLGADSSIAYSNNTIAIPTNFSISITTEVMPVSMAKTSVDCNMYICGDST 
5 0 ECANLLLQYGSFCTQLNRALSWYCC 



Alignment 1 of translation 1 
55 replicase [bovine coronavirus] 
Identities = 183/271 (67%), 

Query: 3 LQNYGENAVIPQGIMMOTAKYTQLCQYLNTLTLAVPYNMRVIHFGAGSDKGVAPGTAVLR 182 
L NYG+ +P G MMNVAKYTQLCQYLNT TLAVP NMRV+H GAGS +KGVAPG+AVLR 
60 Sbjct: 6822 LWNYGKPVTLPTGCMMNVAKYTQLCQYLNTTTLAVPVNMRVIiHLGAGSEKGVAPGSAVLR 6881 

Query: 183 QWLPTGTLLVDSDLNDFVSDADSTLIGDCATVHTANKWDLIISDMYDPRTKHVTKENDSK 362 

QWLP GT+LVD+DL FVSD+ +T GDC T+ +WDLIISDMYDP TK++ + N SK 
Sbjct: 6882 QWLPAGTILVDNDLYPFVSDSVATYFGDCITLPFDCQWDLIISD^3YDPITKNIGEYNVSK 6941 



65 



Query: 363 EGFFTYLCGFIKQKLALGGSIAVKITEHSWNADLYKLMGHFSWWTAFVTNVNASSSEAFL 542 
+GFFTY+C 1+ KLALGGS +A+KITE SWNA+LYKLMG+F++WT F TN NASSSE FL 
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Sbjct: 6942 DGFFTYICHMIRDKLALGGSVAIKITEFSWNAELYKI^GYFAFWTVFCTNAHASSSEG^ 7001 

Query: 543 IGANYLGKPKEQIDGYTMHANYIFWRNTNPIQLSSYSLFDMSKFPIiKIiRGTAVMSLKENQ 722 

IG NYLGKPK +IDG MHANY+FWRN+ +YSLFDM+KFPLKL GTAV++L+ +Q 

Sbjct: 7002 I G INYLGKPKVE I I3GNVMHAN YLFWRN ST VWNGGAYS LFDMAKFPLKLAGT AVINLRADQ 7061 

Query: 723 INDMIYSLLEKGRLIIRENNRVWSSDILVN 815 

INDM+YSLLEKG+L++R+ N+ V D LVN 
Sbjct: 7062 INDMVYSLLEKGKLLVRDTNKEVFVGDSLVN 7092 

Alignment 2 (Spike protein of coronavirus) 

E2 glycoprotein precursor - murine hepatitis virus (strain JHM) ; contains 
spike glycoprotein 



Identities = 199/798 (24%) , Positives 
Frame « +3 



314/798 (39%), Gaps - 48/798 (6%) 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



70 



Query: 828 MFIFLLFLTI/TSGSDLDRCTTFDDVQAPNYTQHTSSM RGVYYP-DEI 965 

+F+F+L L G D F +Q NY + +S RG YY D + 

Sbjct: 2 LFVFILLLPSCLGYIGD FRCI QTVNYNGNNASAPS I STEAVDVSKGRGT YYVXDRV 57 

Query: 966 FRSDTLYLTQDLFLPF YSNV — TGFHTINHTFGNP — VI PFKDG I YFAATE-KSNV 1118 

+ + TL LT + P Y N+ TG +T++ T+ P + F DGI+ K+N 

Sbjct: 58 YLNATLLLTG--YYPVDGSNYRNLALTGTNTLSLTWFKPPFLSEFNDGIFABCVQNLKTNT 115 

Query: 1119 VRGW VFGSTMNNKXXXXXXXXXXXXXXXRACNFELCDNPFFAVSKPMGTQTHT 1277 

G V GS N C + +C P+ KP 
Sbjct: 116 PTGATSYFPTIVIGSLFGNTSYTWLEPYNNIIMASVCTYTICQLPY-TPCKP 167 

Query: 1278 MIFDNAFNCTFEYISDAFSLDVSEKSGNFKHLREFVFKNKDGFLYVY KGYQPIDWR 1448 

N + + DV KRFF +LY + +G 

Sbjct: 168 NTNGNRVIGFWHTDVKPPICLLK — RN FT FNVN APWLYFHFYQQGGT FYAYYA 218 

Query: 1449 DLPSGFNTLKPIFKLPLGINITNFRAILTAFSPAQDIWGTSAAAYFVGYLKPTTFMLKYD 1628 

D PS L F + +G +T + + +P T A Y+V L ++ ++ 

Sbjct: 219 DKPSATTFL FSVYIGDILTQYFVLPFICTPTAG — STLAPLYWVTPLLKRQYLFNFN 273 

Query: 1629 ENGTITDAVDCSQNPLAELKCSVKSFEIDKGIYQTSNFRWPSGDWR-FPNITNLCPFG 1805 

E G IT AVDC+ + ++E+KC +S G+Y S + V P G V R PN+ + C 

Sbjct: 274 EKGVITSAVDCASSYISEIKCKTQSLLPSTGVYDLSGYTVQPVGWYRRVPNLPD-CKIE 332 

Query: 1806 EVFNATKFPSVYAWERKKISNCVADYSVLYNSTFFSTFKCYGVSATKLNDLCFSNVYADS 1985 

E A PS WER+ NC + S L + C + A+K+ +CF +V D 

Sbjct: 333 EWLTAKSVPSPLNWERRTFQNCNFNLSSLLRYVQAESLSCNNIDASKVYGMCFGSVSVDK 392 

Query: 1986 FVVKGDDVRQIAPGQTGVIADYNYKLPDDFMGCVLAWNTRNIDATSTGNYNYKYRYLRHG 2165 

F + + G +G + NYK+ C L ++ + T NYN R+G 

Sbjct: 393 FAIPRSRQIDLQIGNSGFLQTANYKIDTAATSCQLYYSLPKNNVT-INNYNPSSWNRRYG 451 

Query: 2166 KLRPFERDISNVPFSPDGKPCTPPALNCYWPLNDYGFYTTTGIGYQPYRVWLSFELLNA 2345 

+ +ND R + + LLN 

Sbjct: 452 ■ FKVND RCQ I FAN I LLNG 468 

Query: 2346 — PATVCGPKL STDLIKNQCVNFN FNGLTGTGVLTP- S SKRFQPFQQFGRDVS DFTD 2507 

T C L +T++ CV ++ G+TG GV + + +Q DV+ + 

Sbjct: 4 69 IN S GTTC S T DLQL PNTE VATG VCVRYDLYG I TGQGV FKE VKAD YYN S WQAL L YD VNGNLN 528 

Query: 2508 SVRDPKTSEILDISPCSFGGVSVITPGTNASSEVAVLYQDVNCTDVSTAIHADQIiTPAWR 2687 

RD T++ I C G VS + E A+LY+++NC+ V T + + P 

Sbjct: 529 GFRDLTTNKTYTIRSCYSGRVSAAY — HKEAPEPALLYRNINCSYVFTNNISREENPL — 584 

Query: 2688 IYSTGNNVFQTQAGCLIGAEH — VDTSYECDI PIGAGICASYHTVSLLR STSQK — S 2846 

N F + GC++ A++ + C++ +GAG+C Y R ST + + 

Sbjct: 585 NYFDSYLGCVVNADNRTDEALPNCNLRMGAGLCVDYSKSRRARRSVSTGYRLTT 638 

Query: 2847 IVAYTMSLGADSSIAYSN-NTIAIPTNFSISITTEVMPVSMAKTSVDCNMYICGDSTECA 3023 

Y L DS + + IPTNF+I E + + K ++DC ++CGD+ C 

Sbjct: 639 FEPYMPMLVNDSVQSVGGLYEMQIPTNFTIGHHEEFIQIRAPKVTIDCAAFVCGDNAACR 698 

Query: 3024 NLLLQYGSFCTQLNRALS 3077 
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L++YGSFC +N L+ 
Sbjct: 699 QQLVE YGS FCDNVNAI LN 716 

RDG1 seq 

5 

UOCAAAGCcUUCAAACNUAUGUAACACAACAACUAAUCAGGGMUGcUGAAAUCHCGSCUUCUGCUAAUCUUGC 
UGCUACUAAAAUGUCUGAGUGUGUUCUUGGACAAUCAAAAAGAGUUGACUUUUGDGGAAAGGGCUACCACCUU 
ADGUCCUUCCCACAAGCAGCCCCGCAUGGUGUUGOCUUCCUACAUGUCACGUAUGUGCCAUCCCAGGAGAGGA 
ACUUCACCACAGCGCCAGCAAUUUGUCAUGAAGGCAAAGCAUACUUCCCUCGUGAAGGOGDUUUUGUGUUUAA 
10 UGGCACUUCUUGGUUUAUUACACAGAGGAACUUCUUUUCUCCACAAAUAAUUACUACAGACAAUACADUUGUC 
UCAGGAAAUUGUGAUGUCGUUAUOGGCAUCAUUAACAACACAGUUUAUGAUCCUCUGCAACCUGAGCUUGACU 
CAUUCAAAGAAGAGCUGGACAAGUACUUCAAAAAUCAUACAUCACCAGAUGUUGAUCUOGGCGACAUUUCAGG 
CAUUAACGCUUCUGUCGUCAACAUUCAAAAAGAAAUUGACCGCCUCAAUGAGGUCGCOAAAAAUUUAAAUGAA 
UCACUCAUUGACCUUCAAGAAUUGGGAAAAUAUGAGCAAUAUAUUAAGUGgCCCUGGUACGUCUGGGU 

15 

Translation 1 

Nucleotides 3 to 650: Frame 3; 216 aa 
QSLQXYWQQLIRXAEIXXSANLAATKMSECVLGQSKR^ 

HEGKAYFPREGVFVraGTSWFITQRNFFSPQIITTDNTFVSGNCDWIGIimTVYDPLQPELDSFKEELDKYFKNHTSPD 
2 0 VDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKWPWYW 

Translation 2 

Nucleotides 37 to 339: Frame 1; 101 aa 
SGXLKXXLLLILLLLKCLSVFLDNQKELTF\n3RATTL^ 
2 5 FLCLMALLGLLHRGT S FLHK 

Translation 3 

Nucleotides 343 to 57 6: Frame 1;* 78 aa 

LLQTIHLSQEIVMSLIjASLTTQFMILCNLSLTHSKKSWTSTSKIIHHQMLILATFQALTLLSSTFKKKLTASMRSLKI 

30 

Alignment of translation 1 

S glycoprotein [murine hepatitis virus] 
Length « 137 6 

35 Identities = 86/218 (39%), Positives = 129/218 (59%), Gaps- = 3/218 (1%) 
Frame - +3 

Query: 6 SLQTYVTQQLIRXAEIXXSANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQAAPHGVVF 185 
+L Y+++QL I SA A K++ECV Q+ R++FCG G H++S Q AP+G+ F 

40 Sbjct: 1105 ALNAYISKQLSDSTLIKFSAAQAIEKVNECVKSQTTRINFCGNGNHILSLVQNAPYGLYF 1164 

Query: 186 LHVTYVPSQERNFTTAPAICHEG-KAYFPREGVFVFNGTSWFITQRNFFSPQIITTDNTF 362 

+H +YVP+ +P +C G + P+ G FV + W T +++ P+ IT N+ 

Sbjct: 1165 IHFSYVPTSFTTANVSPGLCISGDRGLAPKAGYFVQDDGEWKFTGSSYYYPEPITDKNSV 1224 

45 

Query: 363 VSGNCDWIGIINNTVYDPLQPELDSFKEELDKYFKNHTS — PDVDLGDI SGINASWNI 536 

V +C V + + PL FKEELDK+FKN TS PD+ L D +N + +++ 

Sbjct: 1225 VMSSCSVNYTKAPEVLLNSSIPNLPDFKEELDKWFKNQTSIAPDLSL-DFEKLNVTFLDL 1283 

50 Query: 537 QKE I DRLNE VAKNLNE S LI DLQE LGKYEQYI KW PW YVW 650 

E++R+ E K LNES I+L+E+G YE Y+KWPWYVW 
Sbjct: 1284 SDEMNRIQEAIKKLNESYINLKEVGTYEMYVKWPWYVW 1321 



55 EMC - 8 

AGGCCAAAACAGCGCCGACCCCAAGGUUUACCCAAUAAUACUGCGUCUUGGUUCACAGCUCUCACUCAGCAUG 
GCAAGGAGGAACUUAGAUUCCCUCGAGGCCAGGGCGUUCCAAUCAACACCAAUAGUGGUCCAGAUGACCAAAU 
UGGCUACUACCGAAGAGCUACCCGACGAGUUCGUGGUGGUGACGGCAAAAUGAAAGAGCUCAGCCCCAGAUGG 
UACUUCUAUUACCUAGGAACUGGCCCAGAAGCUUCACUUCCCUACGGCGCUAACAAAGAAGGCAUCGUAUGGG 
60 UUGCAACUGAGGGAGCCUUGAAUACACCCAAAGACCACAUUGGCACCCGCAAUCCUAAUAACAAUGUUGCC 

Translation 

Nucleotides 1 to 363: Frame 1; 121 aa 

RPKQRRPQGLPNNTASWFTALTQHGKEELRFPRGQGVPINTNSGPDDQIGYYRRATRRVRGGDGKMKELSPRWYFYYLGTG 
6 5 PEASLPYGANKEGIVWVATEGALNTPKDHIGTRNPNNNXA 
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nucleocapsid protein - bovine coronavirus (strain Mebus) 
5 Identities = 55/129 (42%), 

Query: 1 RPKQRRPQGL PNNT A SWFTALTQHGK-EELRFPRGQGVPINTNSGPDDQIGYYRR 162 

+PKQ LP+ SWF+ +TQ K +E F GQGVPI + GY+ R 

10 Sb ^ ct: 44 QPKQTATSQLPSGGNWPYYSWFSGITQFQKGKEFEFAEGQGVPIAPGVPATEAKGYWYR 103 

Query: 163 ATRR- VRGG DGKMKELS PRW Y FY YLGTG PEAS L P YGANKEG I VWVATEG A- LNT PKDH I G 336 

RR + DG ++L PRWY FY YLGTG P A YG + +G+ WVA+ A +NTP D I 
Sbjct: 104 HNRRS FKTADGNQRQLLPRWYFYYLGTG PHAKDQYGTDI DGVFWVASNQADVNTPAD- IL 162 

15 Query: 337 TRNPNNNXA 363 
R+P+++ A 
Sbjct: 163 DRDPSSDEA 171 

EMC -11 : unknown sequence 

20 UUGCAUACCGCAAUGUUCUUCUUCGUAAGAACGGUaAUAAGGGAGCCGGUGGUCAUAGCUgOGGCAUGAUCUA 
AAGUCOUAUGACUUAGGUGACGAGCUUGGCACUGAUCCCAUUGAAGAUUAUGAACAAAACUGGAACACUAAGC 
AUGGCAGOGGUGCACUCCGUGAACUCACUCGUGAGCUCAAUGGAGGOGCAGUCACUCGCUAUGUCGACT^ACAA 
UUUCUGOGGCCCAGAUGGGUACCCUCUUGAUUGCAUCAAAGAUUUUCUCGCACGCGCGGGCAAGUCAAUGUGC 
ACUCUUUCCGAACAACUUGAUUACAUCGAGUCGaAGAGAGGUGUCUACUGCUGCCGUGACCAUGAGCAUGAAA 

25 UUGCCUgGGUUCACUGAGCGCUCUGAUAAGAGCUACGAGCACCAGACACCCUUCGaAAUUAAGAGUGCCAAGA 
AAaUUGACACUUUCAAAAGGGGAAUGCCCC7VAAGCUUGUGUUUCCUCUUAACUCA7VAAGUCAAAGUCAUUCAA 
CCACGUGUUGAAAAGAAAAAGACUGAGGGUUUCAUGGGGCGUAUACGCUCUGUGUACCCUGUUGCAUCUCCAC 
AGGAGUGUAACAAUAUGCACUUGUCUACCUUGAUGAAAUGUAAUCAUUGCGAUGAAGCOUCAUGGCAGACGUG 
CGACUUOCUGA^GCCACUUGUGAACAUUGUGGCACUGAAAAUUUAGUUAUUGAAGGACCUAGUACAUGUGGG 

3 0 UACCUACCUACUAAUGCUGUAGDGAAAAUGCCAUGUCCUGCCUGUCAAGACCCAGAGAUUGGACCUGAGCAUA 

GUGUUGCAGAUUAUCACAACCACUCAAACAUUGAAACUCGACUCCGCAAGGGAGGUAGGACUAGAUGUUUUGG 
AGGCUGUGUGUUUGCCUAUGUUGGCUGCUAUAAU7VAGCGUGCCUACUGGGUUCCUCGUGCUAGUGCUGAUAUU 
GGCUCAGGCCAUACUGGCAUUACUGGUGACAAUGOGGAGACCUUGAAUGAGGAUCUCCUUGAGAUACUGAGUC 
GUGAACGUGUUAACAUUAACAUUGUUGGCGAUUUUCAUUUGAAUGAAGAGGUUGCCAUCAYUUUGGCAUCYUU 
35 CUCUGCUUCUACAAGUGCCUUUAUUGACACUAUAAAGAGUCUUGAUUACAAGUCUUUCAAAACCAUUGUUGAG 
UCCUGCGGUAACUAUAAAGUUACCAAGGGAAAGCCCGUAAAAGGUGCOUGGAACAUUGGACAACAGAGAUCAG 
UUUUAACACCACUGUGUGGUUUUCCCUCACAGGCUGCUGGUGUUAUCAGAUCAAUUUUUGCGCGCACACUUGA 
UGCAGCT^AACCACUCAAUUCCUGAUUUGCAAAGAGCAGCUGUCACCAUACUUGAUGGUAUUUCUGAACAGUCA 

UUACGUCUUGUCGACGCCAUGGUUUAUACUUCAGACCUGCUCACCAACAGUGUCAUUAUUAUGGCAUAUGUAA 

4 0 CUGGUGGUCUUGUACAACAGACU 

Translation of putative open reading frames 



45 >-out: 78 to 1: Frame -2 26 aa 

DFRSCHSYDHRLPYYRSYEEEHCGMQ 

>~out: 59 to 37 9: Frame 2 107 aa 

LWHDLKSYDLGDELGTDPIEDYEQNWNTKHGSGALREM 

EQLDYIESKRGVYCCRDHEHEIAWVH 
50 >~out: 283 to 89: Frame -1 65 aa 

LARACEKIFDAIKRVPIWATEIVVDIASDCTSIELTSEFTECTTAMLSVPVLFIIFNGISAKLVT 
>~out: 90 to 614: Frame 3 175 aa 

VTSLALIPLKIMNKTGTLSMAWHSVNSLVSSMEVQSLAMSTTISVAQM 

VSTAAVTMSMKLPGFTERSDKSYEHQTPFEIKSAKKIDTFKRGMPQSLCFLLTQKSKSFNHVLKRKRLRVSWGVYALCTLL 
55 HLHRSVTICTCLP 

>~out: 204 to 124: Frame -2 27 aa 

RVTAPPLSSRVSSRSAPLPCLVFQFCS 

>~out: 312 to 208: Frame -2 35 aa 

SSCSERVHIDLPARARKSLMQSRGYPSGPQKLLST 

60 >~out: 485 to 258: Frame -3 76 aa 

EETQALGHSPFESVNFLGTLNFEGCLVLVALIRALSEPRQFHAHGHGSSRHLSSTRCNQWRKECTLTCPRVRENL 
>-out: 397 to 287: Frame -1 . 37 aa 

LLSERSVNPGNFMLMVTAAVDTSLRLDVIKLFGKSAH 
>-out: 364 to 486: Frame 1 41 aa 

6 5 NCLGSLSALIRATSTRHPSKLRVPRKLTLSKGECPKACVSS 
>~out: 490 to 401: Frame -1 30 aa 

VKRKHKLWGI PLLKVSliFLALLISKGVWCS 
>~out: 446 to 1483: Frame 2 346 aa 
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Fig. 2. Cont. 

HFQKGNAPKLVFPLNSKVKVIQPRVEKKKTEGFMG 

GTENLVIEGPSTCGYLPTNAVVKMPCPACQDPEIGPEHSVADYHNHSNIET 

RASADIGSGHTGITGDNVETLNEDLI£ILSRERVNINIVGDFHLNEEVAIXLAXFSASTSAFIOT 

GNYKVTKGKPVKGAWNIGQQRSVLTPLCGFPSQAAGVIRSIFARTL^ 
5 S DLLTNS VI IMAYVTGGLVQQT 

>~out: 643 to 494: Frame -1 50 aa 

SFIAMITFHQGRQVHIVTLLWRCNRVHRAYTPHETLSLFLFNTWLNDFDF 

>~out: 627 to 511: Frame -2 39 aa 

LHFIKVDKCILLHSCGDATGYTERIRPMKPSVFFFSTRG 
10 >~out: 704 to 612: Frame -3 31 aa 

LN FQCHNVHKWLSESRTS AMKLHRNDYI S SR 

>~out: 774 to 631: Frame -2 48 aa 

QAGHGIFTTALVGRYPHVLGPSITKFSVPQCSQVAFRKSHVCHEASSQ 

>-out: 826 to 737: Frame -1 . 30 aa 

1 5 VWI ICNTMLRSNLWVLTGRTWHFHYSISR 

>~out: 863 to 744: Frame -3 40 aa 

SYLPCGVEFQCLSGCDNLQHYAQVQSLGLDRQDMAFSLQH 

>~out: 756 to 992: Frame 3 79 aa 

KCHVLPVKTQRLDLSIVLQIITTTQTLKL^^ 
20 >~out: 952 to 830: Frame -1 41 aa 

ANI STSTRNPVGTLI IAANIGKHTASKTS SPTSLAES SFNV 

>-out: 1056 to 922: Frame -2 45 aa 

KSPTMLMLTRSRLS I SRRSS FKVSTLSPVMPVWPEPISALARGTQ 

>~out : 1237 to 956: Frame -1 94 aa 

25 SLLSNVPSTFYGLSLGNFIVTAGLNNGFERLVIKT^ 

QGLHIVTSNASMA 

>-out: 1140 to 1060: Frame -2 27 aa 

SRLFI VS IKALVE AEXDAKXMATSS FK 

>~out: 1131 to 1205: Frame 3 25 aa 

3 0 RVLITSLSKPLLSPAVTIKLPRESP 

>~out: 1410 to 1183: Frame -2 7 6 aa 

TmSTRRNDCSEIPSSMVTAALCKSGIEWFAASSVRAKIDLITPAACEGKPHSGVKTDLCCPMFQAPFTGFPLVTL 
>-out: 1186 to 1311: Frame 1 42 aa 

SYQGKARKRCLEHWTTE I SFNTTVWFS LTGCWCYQINFCAHT 
35 >~out: 1283 to 1191: Frame -3 31 aa 

HQQPVRENHT WLKLI SWQCSKHLLRAFPW 
>~out: 1248 to 1457: Frame 3 70 aa 

HHCWFPHRLLVLSDQFLRAHLMQQTTQEIjICKEQLSPYLWFLNSHYVLSTPWFILQTCSPTVSLLWHM 
>~out: 1381 to 1482: Frame 1 34 aa 

4 0 TVITSCRRHGLYFRPAHQQCHYYGICNWWSCTTD 

EMC12 ; unknown sequence • 

UGCUUGCUCAUGCUGAAGAGACAAGAAAAUUAMTC 
AAUGGCAACCAUCGAACGUAAGUAUAAAGGAAU^ 

GGUGUCCGAUUCUUCUUUUAUAOTAGUAAAGAGCCUGUAGCUU'CUAUUAW 
ACUCUCUAAAUGAGCCGCUUGUCACAAUGCCAAUUGGUUAUGUGAC^ 

UGAAGAGGCUGCGCGCUGUAUGCGUUCUCUUAAAGCUCCUGCCGUAGUGUCAGUAUCAUCA 
CCAGAUGCUGUUAOJAC^UAUAAUGGAU^^ 

ACUUUGUAGAAACAGUUUCinjUGGCUGGCUCUUACAGAGAUUGGUCCUA 
UACAGAGUUAGGUGUUGAA 

Translation of putative open reading frames 
>-out: 3 to 44 6: Frame 3 148 aa 

LAHAEETRKLMPIC^DVRAIMATIQRKYKGIKIQEGIV 

EEAARCMRSLKAPAWSVSSPDAVTTYNGYLTSSSKTSEEHFVETVSLAGSYRDWSYSGQRTELGVE 
>~out: 100 to 11: Frame -2 30 aa 

ILIPLYLRWMVAIMMTSMHIGINFLVSSA 
>~out: 188 to 33: Frame -1 52 aa 

RVQLRNNRSYRLFTSIKEESDTIVNDALLNFNSFILTLDGCHYGSNIHAYRH 
>~out: 64 to 159: Frame 1 32 aa 

WQPSNVS IKELKFKRAS LTMVS DS S FI LVKSL 
>~out: 220 to 143: Frame -2 26 aa 

PIGIVTSGSFREFSFVIIEATGSLLV 
>~out: 293 to 192: Frame -1 34 aa 

HYGRS FKRTHTARSLFKIKTMCHITNWHCDKRLI 
>~out: 397 to 224: Frame -2 58 aa 

EPAKET VSTKCS S DVFDDEVRYPLYWTASGDPT DTTAGALRERIQRAAS SRLKPCVT 
>-out: 229 to 288: Frame 1 20 aa 
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HMVL I LKRLRAVC VLLKLL P 

>~out: 292 to 372: Frame 1 27 aa 

CQYHHQMLLIiHIMDT SLRHQRHIiRSTL 
>-out: 444 to 340: Frame -3 35 aa 

5 QHLTLYAVLNRTNLCKSQPKKLFLQSAPQMSLMTK 

>-out: 416 to 351: Frame -1 22 aa 

IGPISVRASQRNCFYKVLLRCL 

>-out: 365 to 445: Frame 2 27 aa 

GALCRNSFFGWLLQRLVLFRTAYRVRC 
10 >-out: 376 to 435: Frame 1 20 aa 

KQFLWLALTEIGPIQDSVQS 
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Comparison of N-termini of the S proteins of the group 2 coronaviruses 

5 

HCV OC43 MFLILLISLPTAFAVIGDL-KCTTVSINDID 

MHV A59 MLFVFILFLPSCLGYIGDF-RCIQLVNSNGA 

BCV MFLILLISLPMAFAVIGDL-KCTTVSINDVD 

SARS MF-IFLLFL— TLTSG-SDLDRCTTFDDVQAP 

10 
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Figure 6. 
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